PERICARDIECTOMY for constrictive pericarditis was first successfully performed just over 50 years ago' and has subsequently become the accepted definitive method of treatment. Postoperative clinical evaluations during this time have indicated good to excellent results in the majority of patients. 2 8 Despite the wide use of cardiac catheterization in the preoperative evaluation of patients with constrictive pericarditis, there have been only scattered reports of postoperative hemodynamic studies. 9 20 Moreover, the data obtained and conclusions reached have varied considerably, from the demonstration of normal findings9 10 to the conclusion that restitution of completely normal cardiac function seldom occurs.1" 21 The postoperative evaluation of these patients has been complicated by disparate opinions regarding the proper incision to provide optimal surgical exposure and the extent of decortication necessary to decompress the heart adequately.2 [8] [9] [10] [11] [12] [13] [14] 22 27 The purpose of this report is to present the hemodynamic findings and clinical results in 14 patients following pericardiectomy for constrictive pericarditis. catheterization 5 to 86 months following pericardiectomy for constrictive pericarditis. Selection for postoperative study was solely on the basis of availability for follow-up examination, and all patients catheterized were included in this report. Twelve of the 14 had preoperative cardiac catheterization. All demonstrated the findings considered diagnostic of constrictive pericarditis: (1) an elevated right atrial pressure, usually with an M-or W-shaped contour; (2) an abnormally high right ventricular end-diastolic pressure, with a characteristic dip-plateau diastolic configuration; (3) a ratio of right ventricular end-diastolic pressure to right ventricular systolic pressure greater than 0.30.
The patients ranged in age from 16 to 68 years at the time of operation. All presented with symptoms of congestive heart failure and most were seriously ill. The average duration of these symptoms prior to pericardiectomy was 14 months, with the longest being 36 months. The pericardial constriction followed acute pericarditis in seven patients, was tuberculous in two, and was probably posttraumatic in one. In four the cause was unknown. Pertinent data concerning the patients appear in tables 1 and 2.
Surgical Method A left anterolateral thoracotomy was performed in eight patients and a midline sternotomy in four, two of whom had small transverse extensions of the incision. A bilateral thoracotomy was employed in one woman, and one man, who underwent a left pleural decortication at the time of pericardiectomy, had a left posterolateral thoracotomy. Fibrous pericardial thickening, cardiac restriction, and diminished pulsation of the heart were noted in all patients. A small amount of pericardial calcification was found in patients 8, 9, and 14.
Decortication of the ventricles was similar in all patients, and included the anterior surface from the atrioventricular groove on the right to the phrenic nerve on the left and the diaphragmatic surface. In addition, the dissection was The cardiac output was calculated by the direct Fick principle in all but two instances. A 3-minute collection of expired air was made with a Tissot spirometer after minute respiratory volume and pulse rate were constant during a stabilization period. Simultaneous pulmonary and systemic arterial blood samples were drawn midway through the gas collection. The oxygen content of the expired air was determined by the Scholander technic and the blood oxygen content by the Van Slyke method. On two occasions the cardiac output was determined by the indicator-dilution method, with injection of dye into the pulmonary artery. Arterial sampling was performed with a constant speed withdrawal pump drawing through a cuvette densitometer and with use of a direct-writing recorder.
Three patients were exercised during preoperative catheterization and all were exercised during postoperative catheterization, with either active leg raising or a bicycle ergometer. Oxygen consumption during exercise was at least double the resting value in all patients. Pulmonary and systemic arterial pressures were recorded, and the cardiac output was measured during the fourth through sixth minute of exercise.
Results

Flow Measurements
The pertinent data are summarized in The same three patients had mildly elevated pulmonary artery mean pressures after surgery, all others being normal. Before operation the mean pulmonary artery pressure at rest was slightly to modestly increased in nine of the 12 patients who underwent preoperative catheterization, ranging from 20 to 36 mm. Hg. The pulmonary artery wedge pressure was abnormal in 10 of the 11 patients in whom it was recorded during the preoperative catheterization. After pericardiectomy the wedge pressure was normal in 11 patients and slightly elevated in one (patient 13). The three patienlts who exercised during the preoperative cardiac catheterization all showed a considerable rise in pulmonary artery pressure above normal. Two showed an adequate increase in cardiac index, although one did so with a fixed stroke index. The third had no change in cardiac index and a decreased stroke index during exercise.
During the postoperative exercise studies the cardiac index was greater than the resting value by more than 550 ml./M.2 for each 100 ml./M.2 increase in oxygen consumption in all patients but one. The stroke index was larger during exercise in 11, xas unchanged in one, and was slightly smaller in two.
The mean pulmonary artery pressure rose moderately during exertion in the same three patients who had abnormal pulmonary artery pressures at rest postoperatively. Two others developed mild pulmonary hypertension with exercise; each had a high normal puilmonary artery pressure at rest. Twelve patients are free from symptoms; they are all working, several at vigorous occupations. Two men have had exertional dyspnea since surgery, with no other signs or symptoms of congestive heart failure. Both have serious associated diseases, myocardial infarction (patient 9) and severe obstructive bronchopulmonary disease (patient 12).
All patients had abnormal electrocardiograms preoperatively, and mild ST-T abnormalities have persisted in six. Patient 9 developed electrocardiographic evidence of an inferolateral myocardial infarction between 1 and 2 years after operation. The electrocardiogram of patient 12 shows abnormalities consistent with chronic pulmonary disease.
Postoperative chest x-rays showed a normal heart in 11 patients and slight cardiac enlargement in three.
Discussion
Eleven of the 14 patients were normal at rest during postoperative cardiac catheterization, and all patients were dramatically improved. Three men shoved residuial abnormalities at rest. During exercise txvo otlher menl developed mild pulmonary hypertension, and a third failed to increase his cardiac output adequately. In the subsequent discussion, these six patients xvill be regarded as being abnormal.
Complete pericardiectomy over the ventricles vas achieved in nine patienits. Txvo men (patients 7 and 8) xxwith small patches of residual pericardium had normal findings during postoperative cardiac catheterization. Two others (patients 11 and 14) had significanit amounts of thickened pericardiuin remaining, and both showed abnormal hemodynamic results. This observation conforms vith the generally accepted concept that complete decortication of the ventricles is essential.
The atria and venae cavae were cleared only at the discretion of the operator and when possible with relative ease. There was no relationship betveen decortication of these areas and the hemodynamic findings. This is at variance vith the opinlionl of several authors"' 14, 2'5 tis, and 44 years in the others, in whom the onset of symptoms was more insidious and chronic. Five of the seven patients who had acute pericarditis were normal during the postoperative cardiac catheterization, while only three of the seven with chronic courses were normal. Thus, there was a distinct relationship between youth, constriction following acute pericarditis, and a normal postoperative hemodynamic result.
Certain preoperative liver function studies were sensitive indicators of the postoperative results ( fig. 3) . The prothrombin-proconvertin time was never significantly depressed in the patients who had normal catheterization findings after operation, but was below 50 per cent before surgery in three of the four patients with abnormal results in whom it was measured. The serum globulin was normal in all patients with normal postoperative hemodynamics, but was over 3. Of the six patients with abnormal hemodynamic results postoperatively, two had incomplete pericardiectomies and two had serious associated cardiopulmonary diseases. The basis for the residual abnormalities in the remaining two is less apparent. There has been some evidence that myocardial disease may be a factor in such patients. Pathologic studies have demonstrated diffuse atrophy of myocardial fibers after chronic constrictive pericarditis. 28 Fitzpatrick et al. 9 and Bigelow et al.14 showed abnormal hemodynamic findings in patients early after operation with subsequent return to normal, suggesting a reversible myocardial lesion. However, differentiation of myocardial disease from residual pericardial constriction is not possible by present methods of cardiac catheterization, and the role of myocardial atrophy remains obscure.
Summary
Fourteen patients underwent right heart catheterization 5 to 86 months after pericardiectomy for constrictive pericarditis. Twelve had preoperative catheterizations, all with findings typical of constrictive pericarditis.
All patients showed marked hemodynamic and symptomatic improvement after operation. Three patients had persistent mild elevation of right heart and pulmonary artery pressures; one of these had a low cardiac output. Two other patients developed pulmonary hypertension with exercise, and one man showed an inadequate increase in cardiac output with exercise. Twelve patients were asymptomatic postoperatively and two had exertional dyspnea. 
